People with autism are approximately twice as likely to die from drowning than members of the general population. Drowning can take place in quite small bodies of water. Therefore, acquiring good water safety skills is of the utmost importance. A systematic review of research into effective behavioural interventions for water safety and swim skills was conducted. In total, 11 studies were identified. Findings suggest that behaviourally based interventions can improve a range of water safety and swim skills in individuals with autism.
The prevalence of autism is on the rise (i.e. 2-3.5% of children are diagnosed with autism (CDC, 2013; Dillenburger et al. 2015) . While the reasons for this increase are still widely debated (Waterhouse 2013) , it is apparent that the overall life expectancy of people with autism is lower than the general population (Johnston 2016; Young et al. 2016) .
Nearly half (49%) of all autistic children elope and thus become subject to unsupervised dangers. Nearly a quarter (24%) of these children are exposed to situations of 'neardrowning', with significant risks posed by even small bodies of water, such as private pools, ponds and bath tubs (Kemp and Sibert 1994) . In fact, children and adults with autism are approximately twice as likely to die from drowning as members of the general population (Schendel et al. 2016) , and therefore, it is particularly important that water-safety behaviours are taught to this population.
Safety skills have been defined as 'preventative or reactionary verbal or non-verbal behaviours that establish or maintain the safety of a person' (Akmanoglu and Tekin-Iftar 2011, pg. 205) . Preventative safety skills need to occur before the dangerous situations in order to avoid harm (Clees and Gast 1994) , for example, an important water safety skill would be to walk and not run near a swimming pool. Reactionary safety behaviours occur as a response to a dangerous situation to which the person is exposed (Clees and Gast 1994) . Reactionary safety behaviours usually are more reflexive in nature, for example, a child holding their breath while submerged underwater.
In the context of swimming and water safety, a mixture of both preventative and reactionary skills is necessary. Preventative water safety skills include appropriate entering and exiting of the pool, as well as the proper use of flotation devices. Reactionary water safety skills include being able to surface after submersion or knowing how to reach the hand rail the side of the pool. Most swim skills are also safety skills, including re-emerging from the water after submersion, floating on the water and being able to engage in various swim strokes that allow the person to remain above water or reach safety. However, some water safety skills are more general, not directly related swim skills, for example 'staying with an adult' or not to running on a slippery surface near the water.
Given that the scientific discipline of applied behaviour analysis has developed a range of evidence-based interventions (Surgeon General 1999; York State Department of Health, 2011) that have become the 'gold standard' for autism interventions (Larsson 2013 ), a systematic literature review was conducted that focussed on behaviour analytic interventions for improving the aquatic safety repertoires of children diagnosed with autism.
For the purpose of this review, the definition of aquatic/ water safety repertoires included all behaviours that directly contribute to safety around water, such as swim strokes, submersion and recovery, or entry and exit of the pool. This review did not include skills with indirect benefits, such as communication, social interaction or 'water play'.
A Preferred Reporting Items for Systematic Reviews and Meta-Analyses model (Moher et al. 2009 ) was used to report search results and reasons for exclusion.
Literature Search and Screening
The following search terms were used:
1. Bautism or ASD or autism spectrum disorder^and Bswim*^and *aba or applied behaviour analysis^. 2. Bautism or ASD or autism spectrum disorder^and Bswimming therapy^.
Bautism or ASD or autism spectrum disorder^and
Baquatic^. A total of 12 papers were identified initially. A search of the reference sections of these papers yielded another 11 possible studies (total n = 23). All the titles and abstracts of these papers were reviewed. One paper was excluded due to duplication and one paper (Dulcy 1992) was excluded because the journal in which it was published (National Aquatics Journal) had been decommissioned and could not be located, despite considerable efforts including interlibrary loan requests from the British Library. Three studies were rejected as they did not address swim skills, and a further three studies were excluded because they focused on other outcomes, including social and communication interactions and physical fitness.
A total of 15 papers remained. Full-text analysis revealed that 4 studies did not use behavioural methods to teach swim skills, they used sensory integration approaches and physical therapy. Therefore, these papers were excluded. The remaining, 11 papers were included in the final review (see Fig. 1 ).
Detailed Description of Studies
The earliest study with a focus on water safety and swim skills in autism that explicitly based their intervention on applied behaviour analysis was Yilmaz, Yanardag, Birkan, and Bumin (Yilmaz et al. 2004) , who investigated the effects of water exercise and swimming on physical fitness and observed the development of beginner swim skills in a child with autism. The target behaviours were chosen with reference to the Halliwick Method (Martin 1981) which divides key skills into four group phases: (1) adjustment to water, (2) rotations, (3) control of movement in water and (4) movement in water. This study focussed on phase 1 skills.
The Aquatic Orientation Checklist (Killian et al. 1984 ) was used for baseline assessment. The checklist includes four observable behaviours:
(1) walking toward pool, (2) touching the water, (3) water entry, and (4) sitting or attaining a horizontal position in the water.
In addition, two beginner swim skills were measured:
(5) blow bubbles and (6) submerge face.
The behavioural measures were defined according to level of support needed:
(a) Spontaneous: A behaviour that is observed prior to the instructor's verbal directions, (b) Voluntary: A behaviour showing the subject's compliance with the instructor's verbal directions, (c) Demonstration: Instructor uses verbal and visual cues to describe a specific task, (d) Manipulation: Instructor puts subject's body through a movement which corresponds to a desired task, and manipulation is accompanied by verbal and visual cues, and (e) Objection: Avoidance of task by absolute non-compliance, tantrum, or active resistance (i.e. pulling away, crying, shouting).
Baseline assessment showed that five out of six behaviours occurred at the level of (b) voluntary; in other words, the child engaged in the behaviours following verbal directions of the instructor; only behaviour 4 (sitting or attaining a horizontal position in the water) functioned at the level of (c) demonstration and required prompting.
The programme lasted for 10 weeks, consisting of three 60min swim sessions per week. Specific methods of teaching were not detailed in the paper. Post-intervention assessment showed that the child engaged in all six target behaviours at level (a) spontaneous, in other words, the child engaged in these behaviours prior to the verbal directions of the instructor. Additionally, a reduction in stereotypic behaviours, such as rocking, spinning and delayed echolalia, was reported.
Whilst this paper added to the growing body of evidence that individuals with autism can benefit from swimming and physical exercise (Aleksandrovic et al. 2015; Kuhfuss 2010; Pan 2010) , there were methodological problems such as lack of stable baseline and it remained unclear exactly which independent variables were responsible for the observed behaviour change. Huettig and Darden-Melton (2004) assessed aquatic skills in four children with autism between 7 and 13 years of age. They used the Texas Woman's University Aquatic Skills Assessment (Huettig 1998) 
to address
(1) water adjustment skills;
(2) flotation skills;
(3) basic propulsion and breathing skills; (4) swimming stroke skills; and (5) entry and exit skills.
The instruction programme targeted these skills in hierarchical order from (1) through to (5). While the paper mentioned the 'Armbruster' method (Armbruster et al. 1968 ), which uses the 'dog paddle' to introduce swim strokes, teaching was described as tailored to individual personalities and interests. Further details of instructional methods were not provided. Skill gains were reported for all four participants across individual repertoires, particularly in (4) stroke skills, although stroke topographies were idiosyncratic, such that three of the participants developed hybrid front crawl strokes. Social validity was not mentioned specifically but positive family outcomes were implied.
Yilmaz, Konukman, Birkan, and Yanardag (Yilmaz et al. 2005 ) used a constant time delay procedure and a multiple probe design to teach aquatic play skills to four boys with autism between 7 and 9 years of age. The boys all attended mainstream school. Although it was unclear if they had vocal communication skills, the boys were able to respond to visual and audio stimuli for at least 10 min and imitate gross motor skills, they were toilet-trained, had no open wounds and were able to stand in the pool with the water up to their waist height.
The following three aquatic play skills were targeted:
(1) 'Kangaroo'; jumping like a kangaroo in the pool, (2) 'Cycling'; move legs forward as though pedalling a bicycle, and (3) 'Snake'; place hands on the trainer's waist and follow around the pool for a distance of 20 m. The sessions were conducted on a 1:1 basis. Prior to training, baseline probes were taken during a minimum of three sessions. Aquatic play skills were then taught using either 0-s or 4-s constant time delay intervals. Responses were coded into six possible categories: (1) correct response, (2) anticipations, (3) errors, (4) non-wait, (5) wait and (6) no response. All types of correct responses, correct anticipations and correct waits resulted in descriptive verbal praise. All incorrect responses were ignored and the task direction for the next step was provided.
All subjects met criteria after the implementation of a 4-s constant time delay, suggesting that the procedure was effective for teaching aquatic play skills to these children.
In a later study, Yilmaz et al. 2010a , 2010bagain used a constant time delay procedure (based on the Halliwick Method; Kokaridas and Lambeck 2015; Martin 1981 ) and a multiple-probe-across-behaviours design to teach foundational swimming skills to three boys with autism who were between 8 and 9 years of age. The boys attended mainstream schools and were able to respond to audio-visual stimuli for at least 7-10 min and imitate gross motor skills. They were continent, had no open wounds on their bodies and were able to wear both, swimming costume and cap, without removing these prematurely. Their aquatic skills included jumping, waiting, sitting, kicking and splashing in the water.
Task analyses were conducted for two skills:
(1) vertical rotation (2) lateral rotation Social reinforcers, including free time activities and jumping up and down in the water, were used for 'motivational purposes'. A 4-s constant time delay procedure was applied to teach rotation skills over 30 sessions (3 sessions a week for 10 weeks).
All three boys' skills levels reached criterion after 3 h and 16 min of teaching time. Maintenance data, collected 1, 2 and 4 weeks after completion of the intervention, demonstrated that the skills were retained. However, the fact that the boys had significant pre-existing skills and that the two target skills had similar topography limited the study's potential impact.
In another multiple baseline across behaviour study, also employing the Halliwick framework, Yilmaz et al. (2010b) used most-to-least prompting for the acquisition of the single target behaviour: progression swimming skill.
Participants were the same three boys with autism who participated in the Yilmaz et al. (2010a) study. All three boys met the pre-requisite conditions for the Halliwick Method. They were able to (a) to adjust to the water, (b) to use rotation skills in the water, and (c) to control their movement in the water.
Sessions were conducted three times a week for a period of 10 weeks. All sessions were conducted on a 1:1 basis, using research assistants. Probes were taken prior to the training (baseline) and following acquisition of target behaviours, for a minimum of three probe sessions (maintenance and generalisation).
The most-to-least prompting procedure had three stages.
Stage 1: both physical and verbal prompts were provided. Stage 2: verbal and gestural prompts were provided. Stage 3: verbal cues were provided.
All three participants required nine training sessions to reach criterion, i.e. progression swimming skill improved significantly during the intervention phase. In addition, these skills were maintained during 1-, 2-and 4-week generalisation phases.
A multiple probe design also was used by Rogers et al. (2010a Rogers et al. ( , 2010b to assess the effect of a constant time delay procedure on acquisition of foundational swim skills. The study was conducted by a graduate student who was trained as life guards. Participants were three boys aged 4-5 years of age, who had a diagnosis of autism, were verbal and attended an inclusive childhood education programme. The boys had gross motor skills required to perform the functional swimming skills, were not able to perform the target behaviours correctly, had no fear of the water and were able enter the pool to the depth of child's own waist independently or with limited assistance.
Instructional sessions took place two or three times per week and lasted between 45 min and 1 h. Three behaviours were targeted:
(1) flutter kicking, (2) front crawl stroke, and (3) turning head from side-to-side (pre-requisite for rotary breathing). An intricate recording system was devised using different coloured hairbands worn on the wrists of the instructor and moved into sequence depending on correct or incorrect responses. The instructor then transferred these raw data onto a data collection sheet after the session was completed. Mastery criterion was set at 100% correct unprompted responding across three sessions. All three participants reached the mastery criterion in 6-8 sessions.
Pan (2010) conducted a controlled, single blinded study across two groups to assess the effect of a specially designed water exercise swimming programme (WESP) on the aquatic skills and social behaviours of 16 boys with autism, aged between 6 and 9 years. The boys attended mainstream school and were able to follow instructions. None of the boys had a co-occurring intellectual disability and their current therapy or activity programmes remained unchanged.
The study lasted 20 weeks, using a within-participant repeated measures design. Phase 1 was conducted during the first 10 weeks, when eight of the boys (group 1) took part in the WESP, while the other eight boys (group 2) engaged in other regular activity. In phase 2, during a further 10 weeks, group 2 took part in WESP and group 1 took part in other regular activity. Each participant was assessed on three occasions:
Time 1: at study entry, Time 2: after 10 weeks of WESP (group 1) or regular activity (group 2), and.
Time 3: after a further 10 weeks of regular activity (group 1) or WESP (group 2).
Four WESP, trained research assistants took part in the study and each assistant was paired with the same two students across all sessions. Based on the Halliwick model, the Humphries Assessment of Aquatic Readiness (HAAR: Humphries 2008) was used to measure progress. Teaching included the use of clear boundaries within the pool area, visual schedules/work systems and end-of-session games. The content of each session and the pace of instruction was determined by each child's need and progress as determined by the assistant. Social behaviours were rated by the child's school teacher using the School Social Behaviour Scales (SSBS-2: Merrell 2002) . Teachers were blinded to group membership of each participants.
Results indicated that social behaviours and aquatic skills improved for both groups during the WESP intervention. Aquatic skill improvements were pronounced in 4/5 areas of the HAAR and were maintained in group 1 during the 10 weeks following the intervention. Chu and Pan (2012) investigated aquatic skill acquisition in 21 children with high functioning autism (n = 14) or Asperger's syndrome (n = 7) and 21 typically developing siblings or peers from similar socio-economic and cultural neighbourhoods. All individuals were healthy, aged between 7 and 12 years and able to follow instructions.
The intervention was conducted during an after-school aquatic programme provided to children with autism. The Humphries Assessment of Aquatic Readiness checklist (HAAR: Humphries 2008) was used to assess participant's skills levels at baseline and follow-up. Each child with autism took part in 16 sessions. There were three instructional groups:
(1) teacher-directed, (2) peer/sibling-assisted, and (3) voluntary peer/sibling support.
Peer and sibling assistants received four training sessions introducing the rules and explaining their roles, prompting techniques and social interactions. All assistants had to pass a written and practical test with a score of 90% or higher; additional training was provided until this standard was met.
While the main focus of this study was the number of interactions that occurred between the individuals with autism and the peer or sibling assistants, outcomes showed that aquatic skills increased in all participants.
A multiple probe design was used to assess the effectiveness of video prompting on the acquisition of aquatic play skills by Yanardag et al. (2013) . Three children with autism (1 female and 2 male) met all the inclusion criteria. They had independent toileting skills and were able to follow verbal prompts, imitate motor skills, watch a video screen for at least 2 min and had no physical health conditions and no hypersensitivity to water.
The aquatic sessions were conducted by three PhD-level researchers and three exercise specialists. A video prompt was displayed on a laptop that was positioned at the side of the pool and showed each step in the task analysis of the required skill. This was shown to the participant prior to them being asked to perform the corresponding skill. Once each step had been mastered, instruction on the next step began.
Teaching occurred on a 1:1 basis. All three participants reached mastery criteria for all three target behaviours in 36 trials. Incorrect responding occurred between 8.3 and 22.2% of the time. Maintenance probes were conducted at 1, 2 and 4 weeks following and showed the skills had been maintained.
Jull and Mirenda (2016) used a modified, non-concurrent multiple baseline design to assess the impact of behavioural skills training (BST) on the ability of recreation centre staff to use discrete trials and visual activity schedules to teach swimming skills to children with autism in public swim settings.
Participants included six community-based swim instructors and eight children with autism (7 boys and 1 girl) aged between 5 and 8 years. The individuals were verbal and seven of them had received previous swim tuition, one of whom had advanced swimming skills. The individuals had no fear or water, no severe problem behaviour and were able to tolerate physical prompting. None of the individuals had previously met the instructor in this study.
Five of the individuals received 1:1 tuition and three of them took part in group sessions. Each child participated in 5 × 30-min intervention sessions. Data were collected on four dependent variables:
(1) instructors' use of key skills, (2) child compliance on first request, (3) child swim skill acquisition, and (4) social and ecological validity.
All skills improved for all participants. Levy et al. (2017) targeted the acquisition of water submersion skills (a pivotal water safety skill) using a behavioural treatment package though a combined multiple baseline and changing criterion design. There were three participants, a 4year-old typically developing girl and 2 children with autism, aged 4 and 8 years. All three individuals had shown resistance to underwater submersion in previous swimming lessons.
The behavioural treatment package consisted of shaping and prompting procedures that were conducted in 30-min sessions, once a week over the course of a year. Sessions were conducted by a swim instructor who was also a graduate in ABA. Mastery was achieved for all three participants in 18-27 sessions. Maintenance probes were conducted 6, 12 and 24 months after completion of the programme and demonstrated that the target behaviour had been maintained and the individuals had learned more advanced swim skills including diving, jumping into the water and swimming underwater.
Analysis
The 11 studies that met all inclusion criteria were analysed across the following categories: (1) participant characteristics, (2) skills taught, (3) methods used (i.e. teaching procedures) and (4) outcomes (see Table 1 )
(1) Participant characteristics There were significant similarities between the characteristics of participants. Almost all studies selected individuals with autism who did not have a co-occurring learning disability or severe challenging behaviours. Only two studies were unclear about the level of functioning of participants (Jull and Mirenda 2016; Yilmaz et al. 2004 ) and two studies explicitly excluded individuals who did not have Asperger's syndrome or high-functioning autism (Chu and Pan 2012; Pan 2010) .
However, the studies that did not explicitly exclude more severe forms of autism with co-occurring learning disability may have done so implicitly due to inclusion criteria, e.g. Yilmaz et al. (2010a Yilmaz et al. ( , 2010b required participants to be able to attend for 7-10 min and to have imitation and independent toileting skills; Jull and Mirenda (2016) only included participants who were verbal and excluded individuals with severe challenging behaviour; Chu and Pan (2012) required all participants to be able to 'follow instructions', and the participants in Levy et al. (2017) were already able to swim with or without a flotation device.
Whilst these criteria did not specifically exclude children with a dual diagnosis (autism and severe learning disability), they probably did so implicitly, as these children are more likely to engage in challenging behaviours (NICE 2015) and have additional difficulties sustaining attention (Cantwell and Baker 1991) and are less likely to have well-developed imitation skills (Ledford and Wolery 2011) and independent toileting (Cicero and Pfadt 2002) . Therefore, future research would need to establish if the procedures described above could be used successfully with children with autism and cooccurring severe learning disabilities.
(2) Skills taught
The specific behaviours targeted in the studies varied. While most studies targeted multiple behaviours based on the specific needs and existing repertoires of participants (Chu and Pan 2012; Huettig and Darden-Melton 2004; Pan 2010; Yilmaz et al. 2004; Yilmaz et al. 2010a Yilmaz et al. , 2010b , two studies targeted 'aquatic play skills' (Yanardag et al. 2013; Yılmaz, Birkan, Konukman, & Erkan, Yilmaz et al. 2005) . Rogers et al. (2010a Rogers et al. ( , 2010b specifically targeted flutter kicks, arms strokes and head turns, and Yilmaz et al. 2010b ) targeted Halliwick's simple swimming skills (Martin 1981) . Levy et al. (2017) targeted underwater submersion and was the only study that focused on the acquisition of skills for the purpose of water safety.
A number of different aquatic assessments were used to select the target behaviours. Yilmaz and Yanardag and colleagues (Yanardag et al. 2013; Yilmaz et al. 2004 ) referred to Halliwick's model (Martin 1981) , while Pan and colleagues (Chu and Pan 2012; Pan 2010) used the Humphries Assessment of Aquatic Readiness (Humphries 2008) , and Huettig (Huettig and Darden-Melton 2004) used their own Texas Woman's University Aquatic Skills Assessment (Huettig 1998) . All other studies did not use pre-set curricula but instead selected individual target behaviours that were appropriate for the participants.
Despite these differences, the response classes that were targeted were relatively consist and most often included skills related to tolerating water, e.g., splashing, flotation, swim stroke, and entry and exit of the pool (Huettig 1998; Humphries 2008; Martin 1981) .
Given that all studies reported achievement of targeted skills, there was no specific difference in terms of which skills would be most usefully selected for intervention.
(3) Methods used (i.e. teaching procedures)
Duration and frequency of tuition: Programme durations varied significantly across studies with some lasting only 10 weeks (Yilmaz et al. 2010a (Yilmaz et al. , 2010b Yilmaz et al. 2004; Yilmaz et al. 2010a Yilmaz et al. , 2010b and others in excess of a year (Huettig and Darden-Melton 2004; Levy et al. 2017 ). Intensity of delivery was not always stated but appeared less variable, e.g. one study operated on 1 session per week (Levy et al. 2017 ) but the vast majority of interventions were delivered between 2 and 3 times per week (Chu and Pan 2012; Pan 2010; Rogers et al. 2010a Rogers et al. , 2010b Yanardag et al. 2013; Yilmaz et al. 2010a Yilmaz et al. , 2010b Yilmaz et al. 2004) . Session length varied between 30 and 90 min for all studies. with the following pre-requisite skills:
1) respond to visual and audio stimuli for at least 7-10 min, 2) Gross Motor Imitation, 3) Continence, 4) Ability to enter the water up to waist level.
All attended mainstream school
Autism, no open wounds Three aquatic play skills: Session duration and frequency (i.e. intensity) did not seem to be related to intervention success. Future research should explore issues of treatment intensity and dose effects more carefully.
Intervention methods: While all studies used procedures that were based in applied behaviour analytic, the specifics varied across the studies. Prompting was used most often, at times alongside other techniques, e.g. Yilmaz et al. (2010a Yilmaz et al. ( , 2010b ) used most to least prompting; Levy et al. (2017) used prompting alongside a shaping procedure; Chu and Pan (2012) used prompting as part of a peer-assisted programme; and video prompting was used by Yanardag et al. (2013) .
Three studies used a constant time delay procedure (Rogers et al. 2010a (Rogers et al. , 2010b YilmazYilmaz et al. 2010a YilmazYilmaz et al. , 2010b Yilmaz et al. 2005 ), Jull and Mirenda (2016) used a behavioural skills training approach and in three of the projects teaching methods were unclear (Huettig and Darden-Melton 2004; Pan 2010; Yilmaz et al. 2004 );
Prompting procedures and constant time delay procedure were the only teaching methods which were used across multiple research projects; however, given that all studies report positive outcomes, there does not appear to be an obvious choice of method for teaching swim skills. Given the diversity of target behaviours, it is obvious that the teaching method needs to be individually tailored to the participant/s' preexisting skills and the behaviour/s being targeted.
(4) Outcomes Across the 11 studies included in this review, there was a diverse range of on-deck and in-pool behaviours all of which showed improvement across time, suggesting that the methods used were appropriate for multiple types of swim skills and not just play, functional or safety skills.
Conclusion
This systematic review focuses on the use of applied behaviour analytic methods to teach swim skills and water safety to individuals with autism. The identification and screening process found 11 papers that met the inclusion criteria. However, of those 11 papers, only one concerns the issue of water safety. Positive outcomes were reported in all 11 papers, indicating that applied behaviour analytic methods can be effective in teaching individuals with autism both in-pool and on-deck behaviours.
Almost all of the studies described in this review have significant limitations, including restricted inclusion criteria for participants and narrowly defined target behaviours. The prerequisite skills required for participation usually included vocal language, being fully toilet trained and good levels of motor imitation, all skills that bias selection for higher functioning participants.
With the exception of Levy et al. (2017) , none of the studies focussed on water safety and Levy et al. only focussed on a single behaviour as opposed to a curriculum of safety skills. The only other study that focussed on the social impact of swimming (Rogers et al. 2010a (Rogers et al. , 2010b ) emphasised physical health benefits, reduction in self-stimulatory behaviours or increase in the use of language. Given these gaps and limitations and the vital importance of the topic, it is clear that comprehensive research is required to determine the best intervention methods to teach water safety skills to individuals with autism, specifically including those with learning disabilities or severe problem behaviour. Particular focus should be given to teaching comprehensive packages, the delivery of these packages in typical or natural teaching settings and the including of individuals with learning disabilities or other co-occurring conditions. This review showed that behavioural analytic procedures can be successfully applied to teach swimming and water safety skills to individuals with autism with a view to reducing drowning in this population. The identification and screening process highlighted 11 papers which met the inclusion criteria. Positive outcomes were seen in all 11 research projects indicating that applied behaviour analytic methods can be effective to teach individuals with autism both in-pool and on-deck behaviours.
